We present the results of a comprehensive study of magnetic, magneto-transport and structural properties of nonstoichiometric Mn x Si 1-x (x0.51-0.52) films grown by the Pulsed Laser Deposition (PLD) technique onto Al 2 O 3 (0001) single crystal substrates at T = 340°C. A highlight of our PLD method is the using of non-conventional ("shadow") geometry with Kr as a scattering gas during the sample growth. It is found that studied films exhibit high-temperature (HT) ferromagnetism (FM) with the Curie temperature T C ~ 370 K accompanied by positive sign anomalous Hall effect (AHE); they also reveal the layered polycrystalline structure with a self-organizing grain size distribution. The HT FM order is originated from the bottom interfacial nanocrystalline layer, while the upper layer possesses the low temperature (LT) type of FM order with Т С  46 K, gives essential contribution to the magnetization at T ≤ 50 K and is homogeneous on the nanometer size scale. Under these conditions, AHE changes its sign from positive to negative at T ≤ 30K. We attribute observed properties to the synergy of self-organizing distribution of Mn x Si 1-x crystallites in size and peculiarities of defect-induced FM order in PLD grown polycrystalline Mn x Si 1-x (x~0.5) films.
bulk -MnSi single crystal, where only the low-temperature (LT) FM was reported with T C  30 К [8, 9] . The HT FM order at х  0.506 (that just corresponds to single crystal -MnSi belonging to berthollides [9, 10] ) was observed in the Mn x Si 1-x /Si(001) structures but at enough small Mn x Si 1-x film thickness less than one -MnSi monolayer [2, 11] . This order is explained by the formation of c-MnSi phase with B2-like (CsCl) crystal structure stabilized with tetragonal distortion due to favorable lattice mismatch between the film and substrate [1] . Recently we reported the HT FM appearance with T C  330 K in 70 nm thick Mn x Si 1-x (х  0.52-0.55) films grown on the Al 2 O 3 (0001) substrates by pulsed laser deposition (PLD) technique [3, 4] . We argued that the observed HT FM has a defect-induced nature: it is due to formation of local magnetic moments on the Si vacancies inside the MnSi matrix and the strong exchange coupling between these moments mediated by spin fluctuations of itinerant carriers [12] . The Mn x Si 1-x films in [3, 4] were deposited at a relatively slow deposition rate (~2 nm/min) using PLD method in a conventional "direct" geometry (DG) when the surface of Al 2 O 3 (0001) substrate is exposed to the Mn-Si laser plume. Accordingly to atomic-force microscopy (AFM) measurements, the structure of thus grown films is mosaic, with the crystallite size ~0.5-1 m.
In this work we present pioneering results of a comprehensive study of magnetic, magnetotransport and structural properties of the Mn x Si 1-x (х  0.52) polycrystalline films grown by PLD technique employing unconventional "shadow" geometry (SG) with Kr as a buffer gas. As compared to the conventional "direct" geometry (DG) of Ref. [3, 4] , in the SG method the effective scattering of ablated particles in the buffer gas results in the lower energy of the depositing atoms as well as very high deposition rate [13] . We found that SG grown Mn x Si 1-x (x0.5) films have two magnetic phases: HT FM phase with T C  370 K and LT FM phase with T C  46 K. At the same time, the anomalous Hall effect (AHE) changes its sign from the positive to negative one at the temperature below 30 K. We explain obtained experimental results by the interplay of two effects: 1) self-organization of polycrystalline film leading to the formation of two layers with strongly differing sizes of crystallites; 2) peculiarities of defect-induced FM ordering in such a system.
Samples and experimental details
The SG grown Mn x Si 1-x thin films were deposited in Kr atmosphere (~10 -2 mbar) onto the the increase of L at the length L15 mm. The Mn content at the same deposited area increases from 0.506 up to 0.517. When the film thickness decreases from 160 to 70 nm (L  10 mm), the film composition changes only slightly with L (х  0.514-0.517). To investigate the effect of the film composition and deposition rate on the magnetic and magneto-transport properties, the as grown sample was cut into seven 2х10 mm 2 stripes with different thicknesses. Here we present the results for the most distant from the target samples with slightly changing Mn content х  0.514-0.517 and different film thickness 70-160 nm.
The structural properties of Mn-Si samples were investigated by X-ray diffraction (XRD) measurements using a Rigaku SmartLab diffractometer. To elucidate the microscopic structure of Mn-Si films, they were further investigated by scanning transmission electron microscopy (STEM) using TITAN 80-300 TEM/STEM instrument (FEI, US) operating at an accelerating voltage of U=300 kV, equipped with Cs-probe corrector, high-angle annular dark-field detector (HAADF) (Fischione, US) and energy dispersive X-ray (EDX) microanalysis spectrometer (EDAX, US). Cross-section transmission electron microscopy (TEM) specimens were prepared by the mechanical polishing of sandwiched pieces followed by Ar + ion-beam milling until perforation in Gatan PIPS (Gatan, US).
Magnetic and magneto-transport measurements
The When х  0.52, the decrease of M s (T) in the temperature range T = 10-100 К does not exceed 6%
and fits well to the Bloch law [13] . Moreover, the M s (T) value does not increase significantly with lowering T even in case of HT FM degradation, as observed in DG films with the Mn content x  0.53 (Fig. 2 , see also [3] ). The Hall effect provides rich information on the correlation between magnetic and transport properties of Mn-Si system under investigation. Let us recall that in "ordinary" FM material, the Hall resistance R H contains two components following the expression [15] :
where H  is the total Hall resistivity, For a "skew-scattering" driven mechanism of AHE, α = 1, and for "intrinsic" and "side-jump" mechanisms of AHE, index α = 2 [15] . Usually, at the temperature T  T C and for the magnetic field corresponding to the saturation magnetization, the second term in Eq. (1) dominates, i.e. To justify this explanation we have to suggest that in the upper layer, the effect of LT FM order on the Hall transport is similar to the case of bulk -MnSi, where AHE has the negative sign [14, 16] . At the same time, we have to postulate that in the bottom layer, the effect of the HT FM order on the Hall transport is similar to the case of DG films [3] , where the AHE of positive sign was reported [3] (the AHE of positive sign is observed also in amorphous Mn x Si 1-x alloys [7, 17] ). Evidently, in the two-layer SG grown film a partial compensation of negative and positive  is negative [14, 16] . It is also important to note that normal
Hall effect in -MnSi is positive [14, 16] ; therefore, the linear behavior of the  H (B) dependence in fields the B  0.7 T corresponds to the hole type of conductivity (see Fig. 5b ).
In order to analyze better the results of Hall effect measurements in a two-layer system, we have also studied the temperature dependence of longitudinal resistivity (T) for grown SG films. In 
Structure measurements
The results of XRD measurements of as grown Mn 8 c-e) evidences that these crystallites adopt B20 crystal structure of -MnSi single crystal.
Discussion
The results of TEM investigation clearly indicate a two-layer structure in the studied First of all, we have to estimate the value of effective magnetic moment on Mn atom in both layers, suggesting that the density of Mn x Si 1-x (x  0.51-0.52) alloy is equal to that of the bulk -MnSi single crystal, i.e.  5.82 g/cm 3 [20] . The HT FM and LT FM phase contributions to the total magnetization of the film can be found using the simplified Brillouin function fit for
In our case, n = 1.5 leads to the best fit of experimental M s (T) data (Fig. 1) . Using Eq. To explain magnetic data we suppose that due to the specificity of the SG method the Si vacancies mainly arise in the lower layer of the film. The nanocrystallite boundaries in this layer form a vast network; they eventually can work as the gettering regions for Si vacancies and, consequently, for local magnetic moments on these vacancies. So, following our supposal, nanocrystallite boundaries play the key role in the magnetic properties of HT FM layer, acting as a magnetic envelope of the nanometer scale non-magnetic crystallite. Early in Ref. [12] Let us now consider the transport data. As the temperature decreases from 300 to 5 K, the qualitatively explaining experimental data has been proposed in Ref. [3] . It presumes that: 1) the Mn doping induces the carrier localization on the defect center (e.g., the above discussed Si vacancy) in the MnSi matrix; 2) this doping also destroys collective (Kondo or spin-polaron type) resonance, probably existing in -MnSi single crystal. The combination of these two effects obviously leads to the simultaneous decrease of carrier concentration and the increase of carrier mobility, if we suggest that the additional carrier mobility decrease due to the carrier scattering on the defects is small compared to the carrier scattering on the collective resonance.
The temperature resistivity dependence  SG (T) in the high temperature region (above T ~250 K) has almost the same character as  DG (T), but differs from it at low temperatures (see Fig. 6 ). Between T = 250K and 40K, the  SG (T) function decreases almost 1.6 times more than  DG (T); below T  40 K, the  SG (T) function falls down similar  SC (T) in the case of -MnSi single crystal (Fig. 6 ), although not so drastically. Obviously, that extraction of a serious physical information from the direct comparison of  SG (T) and  DG (T) is hampered, since the SG film has a two-layer structure, but the DG film is homogeneous. The problem is to estimate correctly the contribution of each layer to  SG (T). Assuming that conductivities of both layers are of the same order, we can roughly suggest that for thick films
which has almost the same character as for -MnSi single crystal (Fig. 6) , mainly corresponds to the temperature dependence of the resistivity of the upper LT FM layer. Thus, at least for qualitative purposes we may fancy the upper LT FM layer as the -MnSi single crystal with nonmagnetic electro-neutral defect centers and not completely destroyed collective resonance.
Unfortunately, it is difficult to conclude definitely about the internal structure of the lower HT FM layer if one takes into account only  SG (T) data. We can only speculate that the material of this layer is similar to the one of DG film.
We are able to obtain additional information on the physical properties of the LT FM and HT FM phases analyzing the magneto-transport data for the SG film. If we present this film as two parallel conducting layers (see inset to the Fig. 4 ) the effective Hall resistivity can be written 

) in this layer starts to play a dominant role due to its similarity to the case of bulk -MnSi [14, 16] .
The ratio between the conductivities of two layers  2 / 1 can be found using following assumptions: 1) the AHE resistivity of lower layer at T < 200 K is the same as for DG film [3] , i.e. (4) we obtain the ratio  2 / 1  2. In other words, in spite of significant decrease of the nano-crystallites size in the bottom layer compared to that in the upper layer, the conductivity of bottom layer at low temperature does not significantly decrease. Probably, we observe here the effect of partial compensation of two effects (carrier concentration decrease and carrier mobility increase) having the same physical origin as in above discussed case of DG thin film [3] .
Conclusions
In this work, we present for the first time the results of comparative study of magnetic and transport properties of nonstoichiometric Mn x Si 1-x (x0.51-0.52) films grown by the PLD technique onto the single crystal Al 2 O 3 (0001) substrates at T = 340°C using SG and DG method.
The key point of SG approach is the using Kr as a scattering gas which results in the lower energy of deposited atoms. At the same time, the average deposition rate in SG is much higher 
